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before a f'inal breakug of the display occurs. 

sequence m y  be I?epeated. 

Later the same nigbt  the 

Thew is therefore a mre or less typical 

mrphorogv o f  the szuora. 

The present #e04 a t " w s  to explain t h i s  sequence an the basis 

of the st,&ifity of groupings of energetic chazgeit amx-d. particles 

ia the geolPaepetfc field. Also eoneideRd 8;re related pisxxnena such as 

i;he polar electmjets of geaooagaetism. 

magnetic mEtridian. This arc persists withcut oplch fluctuation in 



m9y develop, and within a minute or 130 a transition to a ray arc OCWB. 

hmogenew BSC urntally has its base in the E-regim. Exceptions do occur 

extent and brightness as cartains or draperies. 2 % ~  latter then b e c w  



a 

theory of which will be discussed in sul;sewnt pagers. 

In recent a r t i c l e s  it-- been sugg~sted that trapped radAatiaar, moving 

in accord w i t h  predictions based Q I ~  adiabatic imsriants of the perrticle 

about ten t i m e  tbat of the co&uctivity across the gemagnetic f i e ld ,  



given approximately by 

w h e r e  E i f 3  the energy of the particle, B the -tie field, e t;ne electronic 

w i l l  produx Mf't ai protons as a thin arc to the west, pad e l e c t m a  to  

the esst. 

One pcrssibillty is tht chargec a&r accumlate mirror points 

w i t h i n  the amsphere, prodwing electric fields Kith associated current 

S'lCrWs in t h  imQQkre. In tbe C e  W h m  m i c k s  WCebrated, t h  

e m  separation an tae night side pay give 8 mridicmil electric f i e 2  

in the foxsapbere. In tixis c s e ,  a situation favorable to generation of 

the ai(yht-time electrojet  may arise. 

The details of the electric field distribution that could give r i s e  

to the polar electroJct system during -tic bays are unknckm. 

eastwarddirected electroJet flowing in the l w  ianosphere on %he e d y  

evening side, can be driven by an electric field frcm west  to east in the 

law ionosphere, v h e ~  the ekc t r i ce l  canductivity has been enbariced during 

the day, w i t h  conductivity augplented by the paetratfon of auroxml 

particles duxring 812 euuroraL display. 

e l e c t r i c  field during the elrsctro,jet would be mre effective 3.f applfea fn 

(me 

At a s l i g h t l y  hi@= level, the 

Y 



field at lower levels is tm mre inportant, t h i s  electr ic  field E or  I t s  

mtar effect will tend ?a cause the trapped mdiation pmdwfng the jet to 

dFift p m  also. 

fa tbe case of  the early-morning electrojet, an electric field 

directed fran pole to equator locally is regarded 86 the mie U k e l y  

mving force, since tibe Hall electric conductivity w i t h i n  tbe E-region 

is mater tbaa thax for current n"l;rtp pamJ.3~1 t o  the electric f5eld and 

4. Stabi l i ty  of Haruqgme o m  Auroral Arcs 

Stuiknts of mlmr machine6 and plasma physics hrwe learned a few 



prntcm sad electrun sheets oriented m o ~  or l e s s  verti- and east-vest. 

A t k n t h  hem w i l l  be c d i n e d  to tbe sheet closest to the eqpator. 'Ehfs 

-& here be identif'led, tentatively, 86 having a hamgeneow aumrd. arc 

connected via the nagtietic f ie ldwith a similar arc  fn the southern hemis- 
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I s  that i m g b e t i  dbtaimd by a vertical slice taken roughly in u3R north- : -  

buiw durlxg mrPir;g hours. S t h e r  (lB3) gives observatianal data 



durations of' hormgeneaus aurorril 8rcs. It should be nded thtit t h i s  

particles of this energy will be absorbed at amoral kwels ,  uit;haut 

laver end of the iUudnation or rays in t k  ZCrsJ F - r e a m .  

aI is considerably less than in tJx E-mgion,  cay by B factor of ten, so 

that the time coastant z is kss, Qr perbps 60 seconds. 

of draperies t i  heist of t k e  base m y  be even 'big.her, so that breakrg, 

of the dispLays may occur vlth an men shorter tfme c o n s t a t .  It XIBY atso 

be remsr'ked that suroral rays pmetrating to levels below 80 Inn, wirere the 

A t  t h i s  level 

In the cese 

electr ic  conductivity is  also relatively small, seem to have a short 

duFation. %e short-circuiting properties of the efectrically conducting m 
ataos@~re t h e r e f o ~  seww to exer t  an importan% Etabilrlzing influence, by 

reiducing the local electr ic  M e l d  imgularities arhich tead to p ~ o v  and 

d i s r u p t  the dispb~s. Cmsequentlj.., t he  transitim sequence in suroral 

fomrs end in particular the time of ending of auroral forms seems dependent 

on the stability of displays, wkidn in turn tea to be greater when 

disrupting electric f i e l d s  can be short-circui*ted by a good electrical 

canductor. 

?. Generation of 81) Auroral Are by G e m a g r ~  tic- Trapged Radiatian 

A broadly d i s t r i b u t e d  au~ra l  gl.uw, perfiap~ associated vith incotaing 

protons, often precedes a bri&+&r auroral display within tihe gJw itself. 

The @at I s  often followed in limited region by au intensii'ication of 

illmuination that may be caused by a I d  influx of charged particles. 

This possibly means there is draFnage of trapped particles due to a local 
0 

h 



United in extent, w i l l  probably have a l i r " e t W  closely related to the 

Local electric conductivity which short circuits any e-tectric field 

frregularlties in the disphy (Vest- and S i b L e ~ ,  1960). 

sbove, this nay eqilain why auroral displays in the early morning appess. 

As mmtioomed 

to be shorhr in duratiagl than in early mw; fn fact, in t;he eveniag, 

the auroral glow preceding tbe brighter form 

the electrtc carbtrtivity pemiz t i rg  a longer d i s p b y  We-. 

Ur'etiPre may be affected by the m n t s  in the Local irz-eguhrlty or rlQe 

in an east-vest directian mferred tu 

Levels;, through seean&ary effects of e l e c t r i c  etnd -tic ficFds set  up 

in the m&Icm, m y  cause gmwth or accentuation of tbe discharge to hter 

reaches of the ionosphere. 

acceleration of the trapped particles, 

to auroral Levels. The factors leading to the transition f x m  glrrw to the 

Mrst iadications of a hanogeneow auroral arc are of course obscun?, anit 

as yet quite unknown. 

e l e c t r i d  and magnetic ernfectc associated w i t h  the pIoduction of the 

first bright segment of tbe hum@neous aumral arc VI= be coarsi- 

here. 

suggest a buiLaup in 

Tbfs 

'13tnts a fisubarge to lover 

2bis my a r i s e  as a c- of local 

increased fluz pnetraticm 

Since such trsnsitiom of"tec occur, certain 

In fact, t h i s  ob~erpad feature of a brlghtexbg edge of illunin&tion 



of the @ow on the low mirror-point equatorward-side would be expected 

either tw 

ward migration of a @;low produced by trapped rsdSattan. 

result of B slight atcelerat ion on' 'ihe particles, or equkztor- 

R i m  t i c  Sheet bkchmisrn. If charged e i c l e s  au be supplied ta 

a region at aumral he5.gbts at such a rste that a net space charge is built 

up, aasociated electric  snd rsagnetlc fields Kill arise. Drift of prrt;lcrles 

at right angles to the electric f i e ld  of the space charge distribuzion, 

8nd to the smbfent -tic field, Le& to r a c e d  magnetic fiefd intensities 

1111 the interior Of the distributim. SWh a p O w Z 8 t i O n  diStrSbutim 

may occur at the base of a hamgeneow auroral arc .  

It is therefore of considerable intezwt to eetinnste the -tic 

field B w i t h i n  the interior of 8 simple charge dis&dbution, e t a , % n e d  

by conthums 6- of incident particles, slad to try to 86seas the 

iqpUeationo for suroral n r o q b l o g y .  

An iacrease of tmpped particle flux density due to an inJection event 

mer 8 given longitu& w i l l  be regarded as the source of bcfdenl particles. 

In order that them be grrvt;8r of a spee charge, the flux mast consist 

pmdcminant~y of par t i cks  of one sign (for ex-, elect-). 

averall  space chsrgle dfstritrution is to 6~01~: extent  neutralized by srmJ.l 

motions of charges in the surrounding partislly ionized upper atamsphere. 

 hue 

Ihe spsce chsrge distribution considered here is oriented in a surface 

field B (Vesthe and Siblex, I-). 

appmxhmtely along lines of 6.reamagnetic Latitude. 

sheet ViU. be taken as s m a l l  cmpared to its fongitudinal extent. 

reference axes are provided by takfng the or ig in  of ri@t-handed Cartesian 

Such a surface w i l l  be elongated 

The %hickness of the 

Suitable 



a 

e 

a 

CoCr4rd.ir&~?S Et the 4 4  of the sheet w i t %  thp 2-exit; dmmat-.;t; the jr-ais 

is no& t;o the sheet, and tbe x-axis  Fnternat to the sheet grid 

horizoatal. lpor gurpoes of cunprisun with "the orientatlaa of an 

auroml  arc due to iccident efectmns in the northern hennisphere, z is 

i n  the direction of the g e m a p e t i c  field, x is +a the east and tagent 

-ix +a nirror point curve for particles of fixed energy drifting along ti 

curve of canstant integraf. invariarnt (Vestine a& Sibley, 1960). 

Suppose that the incident f l u x  is sufficient to maintain a sp.ct3 

chazge distribution p such that p(x,z) -- canatant and p(y) is given by 

P = Po cas (n/b)y, where b is the thickness 3s the charge distribution 

and tlae distribution is sylnaetric about the nlnrv, y = 0. The particle 

drift velocity magnitude v is appmxinrste~ equa;l to E/B; t h i s  ~ f i  

w i l l  be in the x-ditection, the sgproximation being very good in the 

P-regian, and fairly gnod down to upper =aches of the E-re@;ion, where 

the C O ~ i S ~  fZ'eq'Cy beCCgPe6 C e n i b h  W i t h  the B p i &  f m w C J  

of electrons. 

R-an Poissan's equation 

where V IS the electric potential, c the velocity of llgtt a.nd b tbe 

thickness of tbe sheet. Thus 

( 5 )  

may pmvide a useflrl eppxrscimation of physical interest. 

distribution is symeetric abaut y - 0, and the charge d r i f t  direction is 

opposite on either side 02 th is  glane, the 

Since the 

tic f i e ld  pmduced by the 



1.3 a 

Cansideration of "%he ccmLzbution of rea;ions (-y,y) snd (-b/2,y), (y,b/2) 

leads readfly to the change in f ieM as a function of y 



contribution to n depends upon source, upon particlee mirrorkg in a @veri 

region, and up021 particles tmvers9ne; the Egion (Welch aud Whi-r, 1m); 
also included ZUY particles casing to rest in the region as a result of 

transition from a quiescent brad glow pattern .txl a thin au~p.-al arc w i t h  

as well 86 s%quently observed Vis ib le  d r i f t s  in eumm (Becken ead 

@&ha, 1960). a Tbe broad features of the present &-tic sheet may 



l 

I 

it paill be inr;tructive ta coPu;i&r "%he s tab i l i ty  of such aunral arcs in 

m5-r rajr, and consider &ether evidence of such instabi l i ty  ex is ts .  

This matter w i l l  aext be ccmsidered, neglecting other features of the 

dimmgnetic &et, such as the fact t h a t  the mirror points of the doun- 

I 

I *  

1 

spiralling rediotion are supposed w i t h i n  the electI-icaUy conducting 

iamqhere, so that the space rapidly dlssipgte. It w i U  hawever, 

be assuised that the rate of supply 02 ch€uy& is adequate to lRain- the 

electron beau theory 

of ray and drapery structures which dmelop fnmD an initial baanogeneaus 

auroral arc. 

webster (LB~), ZQU ~ n d  ~ebster (I*), Cutler (13%) GW instability 

ptterns in sheet electron beams extremely suggestive of auroral behavior. 

be of special internst in interpreting features 
0 

I Of such beam investigations, the experinrPntal studies by 

I m n  (~m) suggeGted this application of electrodynamics to dneqrary 

structures, but theoretical interest h8s apparently been centered arounfi 

electnrm besm tu3E dmmloppent. 

treat the pMblem of the b U a W  cylindrical. electron Warp, aeVeZaping 

Pierce (1g$), and lccvhl and Uebeter (le) 

stability criteria. 

Ihe following t r e a b n t  aims to apply sad extend the theory in 

canneetion w i t h  the sheet beam described in 4. It is f i r s t  shown that 

e a -  considemtions of a t h i n  sheet beam Ugned a&mg the geonwpetic 

field leads Am a plausible e;.=pkuation of observed sheet beam instability. 

If there is un electr ic  field due t o  the space chcarge of the beam, d r i f t  
a 





w k r e  Y = l /8 f w i t h  B mal (Piem -J 1956). 

L e t W = ' J ) - $ u o -  y 
where uo end ui are the average particle velocities in the z- eml x- 

directicms, Fespectively. 

*re e/m is tsken as positive ~ n d  uc = ~ e / m  is the spiral or gyro frequency. 

abe equation o f  contiauity wt be satisfied for partlcbflav Vithin 

the auroral an:. That is, the divergence of the cuT?rE?=t density i s  equal 

to the negative of tk t i n e  mte of change of the charge density in  the 

Brt. k t  p be t& charge &=ity of the auroral sbeet Of t h i c l r n e ~ ~  b snd p, 

the average d u e  of p. Then 



Hence 

3v k -0 - z = * & - v 2 )  = - -  f Y  



a 

a 

I '  

benee 

+ (1%) gives, very nearly, w = - 0 
the present context. 

(1%) repxesents the condition for graviag m s  when 

wh ich  is of no w i c d  intQlrest in 
C' 

me im constant for build- in the z-direction is &yen by 



For the earth's field at auroral hei@ts tslre B = 0.45 so mat 
6 -1 

4 
0 = 8 x 10 B ~ C  

% = 6 x 1O em/sec (for ionization drift velocities) w i t h i n  a typical 

I a =  3 x Id QP (f- observatiuns), and sqppose 
C 

a fluted auroml structure. Thus instabilities will develop %n a time 

Tbe d3mmgnetic &et pechRnism of 4 shavs that "1 is *tentbed 

by the space charge distribution, and obsemed values of 5 s w s t  

values of E maLLer than the mode1 va lw.  mr a given structure 

( 8 snd b given) uo Wiu h e  an upper W t  for stability which 

depends upm el,ecQmn mbilities, and thus is related to tbe conductivity 

at auroral altitudes. 

Since in a dimmgnetic sheet the e l e c t r i c  force yielding the 

m*rt w b c i t y  increases w i t h  hcreas ing  charge &rsEity 0 ,  decl.ea&ed 

ccmtfuct-ivity reduces the loss of p w i t h  tim, or tends 'to enhance 5 
with time. 

increased, decreased electric condactivitjr leads to increased instability 

€'ran (a) since t he  gmvth %fine 2 is shmtened a n  ~1 is 



I -  

transf"arj Md fketing in space and duration. Since the ionosphere 

decreaEes in eLeCtriC conductivity during the night, the theory of s t a b u t y  



exhibited any motion and mst of tbe t ime appeared to cape froan the under- 

side of a w r  extending as much as 800 ~rm in magnetic latitude and 

east-vest at about W-UO km &ti* ( m r  in the north). 

a hn 

Mscrete 

local electric ami -tic tie- a r i s i n g  fmtu ionospheric curmnt 

systepS, as H i c h c h  (1957) hss suggested. 
It  pay veU. be that many features of euroral drift rnotions azrt! 

expLained by tbe diamagnetic sheet andel, since it m s  readily in 

response t o  variations in incident partick flu, t o  ttre local electr ic  

fields, end to -tic gradients associated w l t h  icxnospheric current 6ys.t;ems. 

The latter may PlaJr a part in +h foxmation of‘ pairs of hcmtpmow aumral 

.arcs joined a t  one enii (Vestioe, 1%). 

shift drifts of kadabradi, et al(1m) can be rinterpreted on the basis 

0 The high east to vest  tiqphr 



as a manlfestaticm of instsbulrty before bredsup. The -tic *et 

t 



the w-we ?m\rexPent i w o l v e d  the progress of B bright EA fmn a sou#erp 

elevation of 15' to 50' in abmt l/2 second, followed by subsequent 

sequences of similar arcs. If a distance of 300 km is taken fran obsenrer 

* 



di~@typearwt.  3sing #e electron beem instability theory, it wouJd 'be 



a 

-Perturbations & E  of electric f i e ld  of electric f ield of beam 

’ -Particle d r i f t  due to AE i 
Enhanced space c h a r g e  density 

Fig. l-Mechanism of disturbance buildup in thin auroral arc  
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